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Background: Despite a high incidence of fecal incontinence following sphincter-
preservation surgery (SPS), there are no definitive factors measured before 
ileostomy reversal that predict fecal incontinence. We investigated whether vector 
volume anorectal manometry before ileostomy reversal predicts major fecal 
incontinence following SPS in patients with mid or low rectal cancer. 
Methods: This longitudinal prospective cohort study comprised 173 patients who 
underwent vector volume anorectal manometry before ileostomy reversal. The 
Fecal Incontinence Severity Index was measured one year after primary SPS and 
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classified as major incontinence (FISI score ≥25) or continent/minor incontinence 
(FISI score <25). Multivariable logistic regression analysis was used to identify 
predictors of major incontinence.  
Results: Ninety-two patients (53.1%) had major incontinence. Although tumor 
stage, location, and neoadjuvant chemoradiotherapy were comparable, the major 
incontinence group had lower resting pressure (28.4 vs. 34.3 mmHg, P = 0.027), 
greater asymmetry at rest (39.1% vs. 34.1%, P = 0.002) and squeezing (34.2% vs. 
31.4%, P = 0.046), shorter sphincter length (3.3 vs. 3.7 cm, P = 0.034), and lower 
resting vector volume (143,601 vs. 278,922 mmHg2•mm, P < 0.001) compared 
with the continent/minor incontinence group. Resting vector volume was the only 
independent predictor of major incontinence (odds ratio = 0.675 per 100,000 
mmHg2•mm, 95% confidence interval, 0.532–0.823; P = 0.006).  
Conclusions: This study revealed that resting vector volume before ileostomy 
reversal may predict major fecal incontinence. We suggest that the physiology of 
the anorectum should be discussed with patients before ileostomy reversal in 
patients at high risk of fecal incontinence. 
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 Sphincter-preservation surgery is now widely performed since the 
introduction of total mesorectal excision [1], the development of circular 
surgical staplers [2], and the application of pre-operative chemoradiotherapy 
[3], which do not compromise the patient’s oncologic outcomes. However, 
fecal incontinence is common after sphincter-preservation surgery for mid or 
low rectal cancer [4] and is a major issue owing to its significant negative 
impact on the patient’s quality of life [5, 6]. The development of fecal 
incontinence may be related to radiotherapy, proximity of the tumor to the 
anal verge, advanced stage, and history of a diverting ostomy [7-9], because 
these factors may alter the morphology and physiology of the anorectum and 
sphincter complex. 
 Anorectal manometry may be a useful tool to objectively assess the 
function of the anal canal. However, none of the manometric parameters are 
definitive predictors of major fecal incontinence before ileostomy reversal. 
Although some patients with fecal incontinence after rectal surgery show 
changes in manometry pressure, rectal capacity, or rectal compliance or 
asymmetry of the anal sphincter [10-15], these findings are not consistent 
among studies. Vector volume manometry, a measurement utilizing the three-
dimensional profilometric pressure measurements across the anal sphincter, 
may be more advantageous than conventional manometry due to its 
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assessment of the vector component across the anal sphincter [16, 17]. The 
purpose of this study was to investigate the diagnostic value of vector volume 
manometry for predicting major fecal incontinence before ileostomy reversal 
in patients with mid or low rectal cancer. 
 
Materials and Methods 
Patients 
 This was a longitudinal study of a prospective database comprising of 
patients who underwent ileostomy reversal at Seoul National University 
Bundang Hospital between March 2005 and May 2016. The cohort included 
patients who initially underwent sphincter-preservation surgery for mid (5–10 
cm from the anal verge) or low (0–5 cm from the anal verge) rectal cancer, 
and who underwent vector volume anorectal manometry before ileostomy 
reversal. Ileostomy formation is routinely performed at our institution for mid 
or low rectal cancer patients with colorectal anastomosis within 5cm from the 
anal verge. Patients with anastomosis higher than this are assessed for risk of 
anastomotic leak and ileostomy is formed for high risk patients. Ileostomy 
reversal was scheduled for patients with no evidence of the disease after 
complete surgical recovery and/or termination of adjuvant chemotherapy. 
Patients were evaluated for anastomosis integrity and ileostomy reversal was 
not performed if there were any signs of leak or threatening signs. Patients 
with locally advanced rectal cancer underwent neoadjuvant 
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chemoradiotherapy in accordance with National Comprehensive Cancer 
Network guidelines [18]. Neoadjuvant therapy was normally performed for 
patients with magnetic resonance image (MRI) findings with either of the 
following; T3 lesions stage with involvement of circumferential resection 
margin (CRM) regardless of N, T4 lesions regardless of N stage, or other 
signs of locally advanced rectal cancer such as presence of extramural venous 
invasion or lateral pelvic lymph node. Sphincter-preservation surgery was 
done either laparoscopically or using an open method. The decision to 
undergo sphincter-preservation surgery was made by the clinician with the 
patient’s consent. Patients who underwent abdominoperineal resection for 
lesions invading the anal sphincter were excluded from the cohort. 
Anastomosis was made using an endoluminal stapler or by hand-sewn 
methods. During the stapling procedure, the surgeon took care to avoid 
wedging any sphincter muscles or pelvic floor muscles during approximation 
of the anvil, resulting in near-circular anastomosis. 
 All patients completed the translated version (Fig. 1) of the Fecal 
Incontinence Severity Index (FISI) questionnaire via individual interviews at 
1 year after rectal cancer resection [19]. Patients were divided into two groups 
according to their FISI score: major incontinence (FISI score ≥25) or 
continent/minor incontinence (FISI score <25) [5, 20-25]. Although there is 
no consensus on the exact definition of major fecal incontinence based on the 
FISI score, we used FISI score ≥25 to define major incontinence partly based 
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on a previous study where patients with FISI score ≥25 showed a significant 
decrease in their quality of life [5] and partly based on the median FISI score 
in our cohort. We compared the manometric parameters recorded before 
ileostomy reversal between the two groups. General demographic and surgical 
data were compared between the two groups, including the following: age, 
sex, body mass index (BMI), tumor location, tumor stage, radiotherapy, 
chemotherapy, sphincter-preservation surgery approach, operation type, and 
anastomotic technique. Patients with fecal incontinence were treated with 
various medications and dietary/exercise education methods; however, did not 
undergo any means of invasive treatments such as nerve stimulation. This 
study was approved by the Institutional Review Board of our institution 
(Protocol no. B-1808-484-105) 
 
Fig. 1 Translated version of the Fecal Incontinence Severity Index 





 Anorectal manometry was conducted in an outpatient clinic before the 
patient was admitted for ileostomy reversal, as in our prior study [14]. All 
manometry measurements were performed with a water-perfusion technique 
using an eight-channel Micro Tip catheter (Medtronic, Minneapolis, MN) 
connected to a perfusion pump. Patients were held in the left-lateral position 
with their hips flexed at 90°. The probe was positioned 6 cm from the anal 
verge and pressure was measured using a continuous pull-through method at 
0.25 cm/s. The following anorectal parameters were recorded: mean resting 
pressure, percentage asymmetry at rest, maximal squeezing pressure, 
percentage asymmetry at squeezing, sustained duration, sphincter length, high 
pressure zone (HPZ) length, defecation index, coughing reflex, and vector 
volume at rest. Anorectal sensation tests of compliance were not performed 
after restorative proctectomy because of the risk of bowel perforation [26]. 
Vector volume parameters were defined as previously described [27]. The 
percentage asymmetry of the sphincter was defined as the percentage of the 
deviation of the integrated cross-sections from a perfect circle. The HPZ 
length was defined as the length of the sphincter at which pressures of ≥50% 
above the basal pressure were recorded during a sustained squeeze. The 
resting vector volume is the vector volume of the anal canal measured at rest, 
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which is calculated by adding up the segmental vector volumes across the anal 
canal (Fig. 1 & 2). Each segmental vector volume is the product of the radial 
area multiplied by each segmental z-axis length. The radial area is the area of 
the measurements made by the profilometric profile of a given segment. 
Typically, for an eight-channel probe, it would be the sum of the multiplied 
product of each adjacent probe and then multiplied by 0.354 [27]. The 
resulting vector volume was calculated by the Polygram software (Medtronic 







Fig. 1 Diagram of vector volume measurement. a: example of an 8-probe 
pressure vector reading of a given segment n. b: segmental vector volume of 
the n segment is the product of the radial area multiplied by the segmental z-
axis length. c: vector volume is the sum of all the segmental vector volumes 
across the z-axis (i.e. the anal canal).  
 
 
Fig. 2 Resting vector volume in a representative patient with major 
incontinence (a; FISI score ≥25) and in a continent patient (b; FISI score = 0). 
The red ring represents the segment with the maximal segmental vector 
volume and the blue ring represents the segment with the minimal segmental 
vector volume of a given measurement. P, proximal portion of the anal canal; 






 Quantitative variables are expressed as the mean ± standard deviation 
for normally distributed variables or as the median (interquartile range [IQR]) 
for non-normally distributed variables. The χ2 test and Student’s t-test 
(Mann–Whitney U test for non-normally distributed variables) were used to 
compare categorical and continuous variables, respectively, between the two 
groups. Anorectal manometry parameters were compared using Student’s t-
test between the major and minor incontinence groups. Univariable and 
multivariable logistic regression analyses were also used to assess which 
manometric parameters were predictors of major incontinence. Parameters 
with P < 0.25 in univariable analyses were included in the multivariable 
analysis, in which P < 0.05 was considered statistically significant. A 
predictive cutoff value of resting vector volume was then calculated using 
receiver-operating characteristic (ROC) curve analyses by calculating the area 
under the ROC curve (AUC). The optimal thresholds were determined by 
maximizing the Youden index. Statistical analyses were performed using 







 A total of 173 patients with available manometry measurements before 
ileostomy reversal and 1-year post-operative FISI score were included in the 
study cohort. Their median age was 60.0 years (range 33–82 years) and 112 
(64.7%) were male. Tumor location was low in 134 (77.5%) patients and pre-
operative chemoradiotherapy was performed in 115 (71.6%) patients. 
Laparoscopic surgery was performed in 117 (67.6%) patients. Stapled 
anastomosis and hand-sewn anastomosis were done in 111 (64.2%) and 62 
(35.8%) cases, respectively. Ileostomy repair was performed at a median of 
5.6 months (IQR 4.7–6.4 months) after primary resection. 
 On the basis of the FISI score, there were 92 patients in the major 
incontinence group and 81 patients in the continent/minor incontinence group; 
the median FISI score was 26 (IQR 12.5–32.0) in the overall cohort, 31 (IQR 
29–37) in the major incontinence group, and 12 (IQR 0–20) in the 
continent/minor incontinence group. Baseline clinical and tumor 
characteristics including sex, BMI, tumor location, and stage were comparable 
in both groups (Table 1). However, the mean age was greater in the major 
incontinence group (62.1 ± 10.2 vs. 57.2 ± 11.4 years). The proportions of 
patients who underwent preoperative radiotherapy or chemotherapy were 
similar in both groups. The operation type, surgical approach, and 
 
 11 
anastomosis type were also similar in both groups. The proportion of each 
component of the FISI score to each corresponding group is shown in Table 2. 
 




(n = 92) 
Continent/minor 
incontinence 
(n = 81) 
P 
Age, years, median (range) 62 (37–80) 59 (33–82) 0.005 
Sex, n (%)   0.437 
  Male 62 (67.4) 50 (61.7)  
  Female 30 (32.6) 31 (38.3)  
BMIa 23.3 ± 3.0 24.1 ± 3.1 0.096 
Tumor location, cm from the anal 
verge, median (IQRb) 
4.0 (3.0–5.9) 5.0 (3.0–5.0) 0.556 
  Low rectum (0–5 cm), n (%) 68 (73.9) 66 (81.5) 0.276 
  Mid rectum (5.1–10cm), n (%) 24 (26.1) 15 (18.5)  
Pathologic tumor stage, n (%)   0.777 
  0 10 (10.9) 14 (17.3)  
  1 35 (38.0) 30 (37.0)  
  2 13 (14.1) 12 (14.8)  
  3 30 (32.6) 22 (27.2)  
  4 4 (4.3) 3 (3.7)  
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aBMI, body mass index; bIQR, interquartile range 
 
  
Distal resection margin, cm 1.8 ± 1.5 1.7 ± 1.4 0.818 
Radiotherapy, n (%)   0.324 
  None 30 (32.6) 21 (25.9)  
  Preoperative 57 (62.0) 58 (71.6)  
  Postoperative 5 (5.4) 2 (2.5)  
Chemotherapy, n (%)   0.347 
  None 16 (17.4) 16 (19.8)  
  Postoperative 19 (20.7) 9 (11.1)  
Surgical approach, n (%)   0.105 
  Open 35 (38.0) 21 (25.9)  
  Laparoscopic 57 (62.0) 60 (74.1)  
Operation type, n (%)   0.088 
  Low anterior resection 16 (17.4) 6 (7.4)  
  Ultra-low anterior resection 49 (53.3) 54 (66.7)  
  Intersphincteric resection 27 (29.3) 21 (25.9)  
Anastomosis, n (%)   0.346 
  Hand-sewn 36 (39.1) 26 (32.1)  
  Stapled 56 (60.9) 55 (67.9)  
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Table 2 Frequency according to types of incontinence in continent/minor 
incontinence group and major incontinence group 
 
  
Type of incontinence 
Frequency of incontinence during the past one month, n (%) 
















































































































Anorectal Manometry Analysis 
 Anorectal manometry was performed before ileostomy reversal at a 
median of 4.8 months (IQR 3.9–5.8 months) after primary rectal resection. 
Patients who underwent sphincter-preservation surgery had lower resting and 
squeezing pressures, higher asymmetry at rest and squeezing, and lower mean 
resting vector volume compared with previously reported values in a 
historical healthy control group that were assessed using the same protocol 
and equipment at our institution (mean resting pressure: 56.4 ± 14.2 mmHg; 
resting asymmetry: 29.8 ± 8.2%; maximum squeezing pressure: 141.7 ± 53.8 
mmHg, squeeze asymmetry: 28.4 ± 9.9%; high pressure zone length: 2.1 ± 0.8 
cm; mean resting vector volume: 460,709 ± 410,368 mmHg2•mm) [14]. In 
our cohort, we found that resting pressure, resting vector volume, and 
sphincter length were lower in the major incontinence group than in the 
continent/minor incontinence group. Asymmetry at rest and asymmetry at 
squeezing were greater in the major incontinence group. However, maximal 
squeezing pressure, sustained duration, high pressure zone, defecation index, 
and coughing reflex were not significantly different between the two groups 
(Table 3). Similar trends were observed in subgroups of patients based on 
cancer location (mid or low rectal cancer), radiotherapy, and type of resection 








(n = 92) 
Continent/minor 
incontinence 
(n = 81) 
P 
Mean resting pressure, 
mmHg 
28.4 ± 15.8 34.3 ± 18.6 0.027 
Resting asymmetry, % 39.1 ± 11.7 34.1 ± 9.6 0.002 
Max squeezing pressure, 
mmHg 
117.3 ± 65.9 133.3 ± 65.5 0.111 
Squeeze asymmetry, % 34.2 ± 9.3 31.4 ± 8.3 0.046 
Sustained duration, s 35.2 ± 19.8 33.6 ± 23.5 0.632 
Sphincter length, cm 3.3 ± 1.1 3.7 ± 1.0 0.034 
High pressure zone, cm 2.2 ± 1.1 2.4 ± 0.9 0.160 
Defecation index 1.7 ± 1.1 1.6 ± 1.1 0.507 
Coughing reflex, % 134.6 ± 105.7 125.9 ± 74.6 0.543 




278,922 ± 289,674 <0.001 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Multivariable analysis showed that resting vector volume was the only 
statistically significant variable for major incontinence (Table 7). Anorectal 
manometry parameters included in the multivariable analysis were mean 
resting pressure (P = 0.027), squeezing pressure (P = 0.111), asymmetry at rest 
(P = 0.002), asymmetry at squeezing (P = 0.046), sphincter length (P = 0.034), 
high pressure zone length (P = 0.160), and resting vector volume (P < 0.001). 
Because the vector volume is normally represented in the hundred–thousand-
unit range, it was not possible to show an increased risk per unit increment in 
this parameter. Thus, a subsequent multivariable analysis was done by 
reducing the variable by a factor of 100,000 which yielded an odds ratio of 
0.675 per 100,000 mmHg2•mm (95% confidence interval, 0.532–0.823; P = 
0.006). The AUC for resting vector volume was 0.663. A cutoff value of 
242,710 mmHg2•mm (decrease in vector volume increases severity) was 
obtained with a sensitivity of 84.8% and specificity of 50.6% by maximizing 
the Youden index (Fig. 4). 
 
Table 7 Multivariable analysis of manometric parameters for major incontinence 
 OR 95% CI P 
Mean resting pressure, per mmHg 1.009 0.985–1.035 0.456 
Resting asymmetry, per % 1.022 0.979–1.066 0.324 
Maximal squeezing pressure, per mmHg 0.999 0.993–1.004 0.589 
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Squeeze asymmetry, per % 1.022 0.979–1.066 0.324 
Sphincter length, per cm 0.858 0.502–1.467 0.575 
High pressure zone, per cm 1.223 0.716–2.088 0.462 
Resting vector volume, per mmHg2·mm 1.000 1.000–1.000 0.008 
OR, hazard ratio; CI, confidence interval 
 
 
Fig. 4 Receiver-operating characteristic curve of resting vector volume for predicting 





 There is no definitive test before ileostomy reversal for predicting 
fecal incontinence, even though there is a high incidence of fecal incontinence 
following sphincter-preservation surgery that usually occurs after restoration 
of bowel continuity. This study suggests that a decreased resting vector 
volume shown on anorectal manometry performed before ileostomy reversal 
is associated with increased risk of major fecal incontinence after sphincter-
preservation surgery. Using this cohort of patients, we determined a cutoff 
value for resting vector volume before ileostomy reversal as a predictor of 
major incontinence in patients with mid or low rectal cancer. This cutoff value 
should be validated in a well-designed large-scale study. 
 Fecal incontinence is a debilitating condition after sphincter-
preservation surgery, with a significant negative impact on the patient’s 
quality of life [6]. Although fecal incontinence usually improves during the 
first year after surgery [28], it may persist for longer, especially in patients 
with a low rectal tumor or those who undergo chemoradiotherapy [8]. The 
ability to predict which patients are at increased risk of fecal incontinence, 
before performing ileostomy reversal, would be helpful to patients because it 
may be possible to prevent fecal incontinence. Objective assessment of anal 
canal function before undergoing ileostomy reversal is a logical step towards 
providing the patient with better treatment options.  
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 Many approaches have been used to investigate fecal incontinence, 
including diagnostic tests of sphincter morphology, nerve integrity, and 
function such as magnetic resonance imaging, endoscopic ultrasonography, 
pudendal nerve terminal latency test, and anorectal manometry. However, 
imaging alone does not provide adequate information about anal function, and 
results of the pudendal nerve terminal latency test were controversial [29]. We 
believe that anal manometry is the most direct method for assessing anal 
function. Although several studies have performed anorectal manometry after 
sphincter-preservation surgery in patients with fecal incontinence, few of 
these studies determined a cutoff value that could be used to predict fecal 
incontinence after ileostomy reversal, although changes in anal sphincter 
pressure, symmetry, and rectal compliance have been documented [10-15]. 
Thus, we need better understanding of the physiologic changes caused by 
structural defects of the anal sphincter following sphincter-preservation 
surgery. The present study showed that patients with major incontinence had 
lower resting pressure, greater asymmetry of the anal canal, and shorter 
sphincter length compared with the continent/minor incontinence group, as 
reported in previous studies [10-15]. Maximal squeezing pressure was not low 
in major incontinence, consistent with prior studies [10, 13-14]. Although 
reduced compliance of the neorectum and decreased sensitivity of the anus to 
propulsion forces were reported in prior studies [10, 13-15], we did not 
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measure rectal compliance for safety concerns, such as the risk of rectal 
perforation during measurement [26].  
 Our study showed that the resting vector volume was inversely 
correlated with the severity of fecal incontinence. We believe the clinical 
relevance of resting vector volume was underestimated in the past compared 
to usual parameters such as pressure, asymmetry, or sphincter length and 
should be revisited. The anal canal is a three-dimensional structure and all of 
its components, including the muscles and nerves, act together to maintain 
continence. Therefore, a more comprehensive integrated parameter, such as 
resting vector volume, is better qualified to assess the overall quality of anal 
function and continence. The resting vector volume is calculated from three-
dimensional profilometric pressure measurements across the anal sphincter at 
the resting state. The radial area of the pressure profile is calculated across 
each cross-section and integrated across the z-axis of the anal canal, resulting 
in a lower value if there is a loss of function of the internal anal sphincter in 
any segment or direction [27]. Previous studies showed that the resting vector 
volume after rectal surgery was generally lower in continent patients than in 
healthy individuals [14-15, 30]. We think that that decreases in sphincter 
length, resting pressure, or symmetry would result in a decreased resting 
vector volume, which will provide a better representation of the three-
dimensional structural function of the anal canal.  
 In our study, we estimated a cutoff vector volume value of 242,710 
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mmHg2·mm for predicting major incontinence by maximizing the Youden 
index. However, the AUC of this curve was 0.663 and is a limitation to 
generalizing our findings. Lack of standardization of protocol and interpatient 
variablity has prevented wide-spread use of manometry parameters into daily 
clinical decision making [27]. We consider that the optimal cut-off value 
should be evaluated with consideration of interpatient variability as well as a 
standardized protocol to help clinical decision. Additional well-designed 
studies are needed to confirm the clinical value and cutoff value of resting 
vector volume as a predictor for major incontinence after sphincter-
preservation surgery. 
 The proportion of patients suffering from fecal incontinence after 
sphincter-preservation surgery vary ranging from 0-71%, with an increased 
risk for low tumors and neoadjuvant radiotherapy [6, 8]. The high prevalence 
of fecal incontinence in our cohort is partly due to the fact that over 95% of 
rectal cancer patients underwent sphincter preservation surgery in our facility, 
which is one of the strengths of our study. There is a trend toward more 
sphincter-preservation surgeries being performed than in the past [31, 32], 
which subsequently will increase patients suffering from fecal incontinence. 
Additionally, in our cohort 72% of patients underwent neoadjuvant 
chemoradiotherapy and 77.5% of patients were low rectal tumors (within 5cm 
from anal verge), which also contributes to a higher risk of fecal incontinence.  
 Our study holds some limitations and unsolved issues to discuss. 
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First, the decision to undergo anorectal manometry testing and FISI 
questionnaire survey was not prospectively controlled, introducing the 
possibility of selection bias. The FISI questionnaire was not administered 
before primary surgery or more than 1 year after surgery. Thus, the effects of 
sphincter-preservation surgery on further deterioration of sphincter function 
and/or recovery are unknown. Additionally, the predictive ability of anorectal 
manometry was based on the assumption that anal function would be greatly 
unaltered after restoration of continuity. Functional recovery can occur to 
various degrees at various paces depending on the patient, which would have 
further contributed to the limitations to this study. Second, patients were not 
assessed for pelvic nerve function due to safety issues, thus whether 
incontinence was induced by nerve damage or structural defects is unknown. 
Third, we did not consider the possibility of age and sex differences in anal 
canal physiology because of the small number of patients. Future studies that 
account for these subgroup differences may yield differing results. Lastly, the 
generalizability of resting vector volume would be limited without a larger 
scale study. On subgroup analysis, although a trend was observed, some 
subgroups failed to show a statistically significant difference of the resting 
vector volume.  
 In conclusion, this study revealed that resting vector volume 
measured before ileostomy reversal may be a predictor of major incontinence 
in patients undergoing sphincter-preserving surgery for mid or low rectal 
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cancer. We suggest that preoperative counseling should be offered to patients 
at increased risk of fecal incontinence, especially in patients with a low 
resting vector volume. We also suggest that the physiology of the anorectum 
should be discussed with patients before ileostomy reversal. 
 
Disclosures 
The authors have no conflict of interest to declare. 
 
Ethical statement 
All procedures followed were in accordance with the ethical standards of the 
responsible committee on human experimentation (Institutional and National) 











1. Heald RJ, Smedh RK, Kald A, Sexton R, Moran BJ (1997) 
Abdominoperineal excision of the rectum--an endangered operation. 
Norman Nigro Lectureship. Dis Colon Rectum 40:747-751 
2. Knight CD, Griffen FD (1980) An improved technique for low 
anterior resection of the rectum using the EEA stapler. Surgery 
88:710-714 
3. Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau R, 
Martus P, Tschmelitsch J, Hager E, Hess CF, Karstens JH, Liersch T, 
Schmidberger H, Raab R, German Rectal Cancer Study Group (2004) 
Preoperative versus postoperative chemoradiotherapy for rectal cancer. 
N Engl J Med 351:1731-1740 
4. Bryant CL, Lunniss PJ, Knowles CH, Thaha MA, Chan CL (2012) 
Anterior resection syndrome. Lancet Oncol 13:e403-408 
5. Bordeianou L, Rockwood T, Baxter N, Lowry A, Mellgren A, Parker S 
(2008) Does incontinence severity correlate with quality of life? 
Prospective analysis of 502 consecutive patients. Colorectal Dis 
10:273-279 
6. Emmertsen KJ, Laurberg S, Rectal Cancer Function Study Group 
(2013) Impact of bowel dysfunction on quality of life after sphincter-
preserving resection for rectal cancer. Br J Surg 100:1377-1387 
 
 28 
7. Battersby NJ, Juul T, Christensen P, Janjua AZ, Branagan G, 
Emmertsen KJ, Norton C, Hughes R, Laurberg S, Moran BJ, United 
Kingdom Low Anterior resection Syndrome Study Group (2016) 
Predicting the risk of bowel-related quality-of-life impairment after 
restorative resection for rectal cancer: a multicenter cross-sectional 
study. Dis Colon Rectum 59:270-280 
8. Alavi M, Wendel CS, Krouse RS, Temple L, Hornbrook MC, Bulkley 
JE, McMullen CK, Grant M, Herrinton LJ (2017) Predictors of bowel 
function in long-term rectal cancer survivors with anastomosis. Ann 
Surg Oncol 24:3596-3603 
9. Dulskas A, Miliauskas P, Tikuisis R, Escalante R, Samalavicius NE 
(2016) The functional results of radical rectal cancer surgery: review 
of the literature. Acta Chir Belg 116:1-10 
10. Ihnat P, Vavra P, Prokop J, Pelikan A, Ihnat Rudinska L, Penka I 
(2018) Functional outcome of low rectal resection evaluated by 
anorectal manometry. ANZ J Surg 88:e512-516 
11. Bordeianou L, Lee KY, Rockwood T, Baxter NN, Lowry A, Mellgren 
A, Parker S (2008) Anal resting pressures at manometry correlate with 
the Fecal Incontinence Severity Index and with presence of sphincter 
defects on ultrasound. Dis Colon Rectum 51:1010-1014 
12. Kroesen AJ, Runkel N, Buhr HJ (1999) Manometric analysis of anal 
 
 29 
sphincter damage after ileal pouch-anal anastomosis. Int J Colorectal 
Dis 14:114 –118 
13. Matzel KE, Bittorf B, Gunther K, Stadelmaier U, Hohenberger W 
(2003) Rectal resection with low anastomosis: functional outcome. 
Colorectal Dis 5:458-464 
14. Kang SB, Kim N, Lee KH, Kim YH, Kim JH, Kim JS (2008) Anal 
sphincter asymmetry in anal incontinence after restorative 
proctectomy for rectal cancer. World J Surg 32:2083-2088 
15. Rink AD, Nagelschmidt M, Radinski I, Vestweber KH (2008) 
Evaluation of vector manometry for characterization of functional 
outcome after restorative proctocolectomy. Int J Colorectal Dis 
23:807-815 
16. Fynes MM, Behan M, O’Herlihy C, O’Connell PR (2000) Anal vector 
volume analysis complements endoanal ultrasonographic assessment 
of postpartum anal sphincter injury. Br J Surg 87:1209-1214 
17. Zbar AP, Kmiot WA, Aslam M, Williams A, Hider A, Audisio RA, 
Chiappa A, deSouza N (1999) Use of vector volume manometry and 
endoanal magnetic resonance imaging in the adult female for 
assessment of anal sphincter dysfunction. Dis Colon Rectum 42:1411-
1418 
18. Benson AB, Venook AP, Al-Hawary MM, Cederquist L, Chen Y-J, 
Ciombor KK, et al (2018) Rectal Cancer, Version 2.2018, NCCN 
 
 30 
Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw 
16:874-901 
19. Rockwood TH, Church JM, Fleshman JW, Kane RL, Mavrantonis C, 
Wexner SD, Bliss D, Lowry AC (1999) Patient and surgeon ranking of 
the severity of symptoms associated with fecal incontinence: the Fecal 
Incontinence Severity Index. Dis Colon Rectum 42:1525-1532 
20. Boreham MK, Richter HE, Kenton KS, Nager CW, Gregory WT, 
Aronson MP, Vogt VY, McIntire DD, Schaffer JI (2005) Anal 
incontinence in women presenting for gynecologic care: prevalence, 
risk factors, and impact upon quality of life. Am J Obstet Gynecol 
192:1637-1642 
21. Norton C, Burch J, Kamm MA (2005) Patients' views of a colostomy 
for fecal incontinence. Dis Colon Rectum 48:1062-1069 
22. Gearhart S, Hull T, Floruta C, Schroeder T, Hammel J (2005) Anal 
manometric parameters: predictors of outcome following anal 
sphincter repair? J Gastrointest Surg 9:115-120 
23. Colquhoun P, Kaiser R, Jr., Efron J, Weiss EG, Nogueras JJ, Vernava 
AM, Wexner SD (2006) Is the quality of life better in patients with 
colostomy than patients with fecal incontience? World J Surg 30:1925-
1928 
24. Abbas SM, Bissett IP, Neill ME, Parry BR (2005) Long-term outcome 




25. Levack MM, Savitt LR, Berger DL, Shellito PC, Hodin RA, Rattner 
DW, Goldberg SM, Bordeianou L (2012) Sigmoidectomy syndrome? 
Patients’ perspectives on the functional outcomes following surgery 
for diverticulitis. Dis Colon Rectum 55:10-17 
26. Park JS, Kang SB, Kim DW, Kim NY, Lee KH, Kim YH (2007) 
Iatrogenic colorectal perforation induced by anorectal manometry: 
report of two cases after restorative proctectomy for distal rectal 
cancer. World J Gastroenterol 13:6112-6114 
27. Schizas AM, Emmanuel AV, Williams AB (2011) Anal canal vector 
volume manometry. Dis Colon Rectum 54:759-768 
28. Liu LG, Yan XB, Shan ZZ, Yan LL, Jiang CY, Zhou J, Tian Y, Jin ZM 
(2017) Anorectal functional outcome following laparoscopic low 
anterior resection for rectal cancer. Mol Clin Oncol 6:613-621 
29. Saraidaridis JT, Molina G, Savit LR, Milch H, Mei T, Chin S, Kuo J, 
Bordeianou L (2018) Pudendal nerve terminal motor latency testing 
does not provide useful information in guiding therapy for fecal 
incontinence. Int J Colorectl Dis 33:305-310 
30.  Schizas AM, Emmanuel AV, Williams AB (2011) Vector volume 
manometry-methods and normal values. Neurogastroenterol Motil 
23:886-e393 
31. Ricciardi R, Virnig BA, Madoff RD, Rothenberger DA, Baxter NN 
 
 32 
(2007) The status of radical proctectomy and sphincter-sparing surgery 
in the United States. Dis Colon Rectum 50:1119–1127 
32.  Shahjehan F, Kasi PM, Habermann E, Day CN, Colibaseanu DT, 
Mathis KL, Larson DW, Merchea A (2019) Trends and outcomes of 
sphincter-preserving surgery for rectal cancer: a national cancer 







:       
       
        . 
   /       
       
  .  
:        
   /    
        
 173    .    
  1  Fecal Incontinence Severity Index  
 25         
 .     
    .  
 
 34 
:    92  (53.1%)    1    
 .      
  , ,      
        
 (28.4 vs. 34.3 mmHg, P = 0.027),     (39.1% 
vs. 34.1%, P = 0.002)    (34.2% vs. 31.4%, P = 0.046), 
   (3.3 vs. 3.7 cm, P = 0.034),     
(resting vector volume, 143,601 vs. 278,922 mmHg2•mm, P < 
0.001)  .       
  (odds ratio = 0.675 per 100,000 mmHg2•mm, 95% 
confidence interval, 0.532–0.823; P = 0.006).. 
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